Introduction N owadays, medical imaging has become a very important subject for a large number of medical applications such as diagnosis or treatment. Today, diagnosis of a patient is done by using imaging technology. In addition to the use of medical imaging devices in medicine, tissue recognition and classification play an important role in medical research and application [1] .
Brain volume measurement is an important task in the studies of neurological and psychiatric disorders. Changes in the volume of Gray Matter (GM), White Matter (WM) and Cerebrospinal Fluid (CSF) can be used to specify physiological processes and disease entities or to specify Original ABSTRACT Background: Volume estimation of brain is important for many neurological applications. It is necessary in measuring brain growth and changes in brain in normal/ abnormal patients. Thus, accurate brain volume measurement is very important. Magnetic resonance imaging (MRI) is the method of choice for volume quantification due to excellent levels of image resolution and between-tissue contrast. Stereology method is a good method for estimating volume but it requires to segment enough MRI slices and have a good resolution. In this study, it is desired to enhance stereology method for volume estimation of brain using less MRI slices with less resolution.
Methods:
In this study, a program for calculating volume using stereology method has been introduced. After morphologic method, dilation was applied and the stereology method enhanced. For the evaluation of this method, we used T1-wighted MR images from digital phantom in BrainWeb which had ground truth.
Results: The volume of 20 normal brain extracted from BrainWeb, was calculated.
The volumes of white matter, gray matter and cerebrospinal fluid with given dimension were estimated correctly. Volume calculation from Stereology method in different cases was made. In three cases, Root Mean Square Error (RMSE) was measured. Case I with T=5, d=5, Case II with T=10, D=10 and Case III with T=20, d=20 (T=slice thickness, d=resolution as stereology parameters). By comparing these results of two methods, it is obvious that RMSE values for our proposed method are smaller than Stereology method.
www.jbpe.org
Zeinali R., Zamani A., Keshtkar A., Gharehaghaji N. disease severity [1, 2] . Generally, brain volume measurement has some applications in neurological sciences; major application include diagnosis, disease monitoring and evaluation of potential treatments in neurodegenerative diseases like Alzheimer's disease (AD) and Multiple Sclerosis (MS) [1, [3] [4] [5] . Thus, brain volume calculation is an indispensable process in most neuroimaging analyses. Magnetic resonance imaging (MRI) can be used as a precise method for volume measurement of internal structures or organs. MRI allows the noninvasive and in-vivo investigation of brain structure. Moreover, MRI can make differentiation between various tissues. These features make it suitable for the quantitative measurement of brain morphology, and it helps physicians diagnose and treat medical conditions [6] [7] [8] [9] [10] . Recent advances in magnetic resonance (MR) imaging sequences and in image analysis have made improvement in quantification of the size of anatomical structures within the human brain. Quantitative assessment of brain volume, achieved from volumetric MRI, has been applied for neurologic conditions [4, 11] . The accuracy and precision in estimation of the brain volume and its structure is a necessary process for the evaluation of brain disorders and abnormalities [12] .
Volume quantification on structural brain MR images is performed by using manual, semi-automated or automated methods. There are two methods for manual quantification of brain compartment volume from MRIs, namely stereology and manual tracing [13, 14] . Stereological method using Cavalieri principle is a method for volume estimation of brain and internal brain compartments.
Researchers have employed these techniques to obtain volume estimations of various brain structures [15] .
Stereology method is a manual method for estimating volume. In order to implement this method, the images should be segmented correctly; however, it is a time-consuming and user-dependent task. If we use small number of MR images with less resolution, the need for segmentation decreases and stereology method will be improved. In this study, we improved the stereology method for measuring GM, WM and CSF volumes within normal brain.
Material and Methods
In the first step, we calculated brain volume structures (GM, WM and CSF) by using stereology method. Stereological method is based on cavalieri principle [14] [15] [16] [17] [18] .
In Cavalieri's principle, the volume of interest structures can be estimated from a series of parallel plane sections separated by a known distance provided by the set of sections beginning at a randomly chosen starting point.
For this work, the interest structure was cut into the series of parallel planes at distance T apart, the first plane starting randomly at the intervals 0 to T [14] [15] [16] [17] [18] .
The cut surface area of each section was estimated with point counting grids. The point counting grids consist of sets of points on a transparent sheet, superimposed on sections randomly. Counting points that covered the region of interest provided an unbiased estimate of the areas of the object profile [15, 19] . Finally, the volume of the object (V) was estimated with the following equation [19, 17, 7] :
Where T is the section thickness, a(p) represents the area associated with each test point and ∑p is the total number of test points, d is distance between test points.
For the evaluation of method in brain volumetry, we used digital phantom. The phantom data was obtained from BrainWeb database [20] . The resolution of the phantom was (1.0 mm)2 throughout. The exact volumetric ground truth is known a-priori and provided on the web site.
20 normal brain MR images were used from BrainWeb. The database was set of T1-weighted simulated data with these specific param-eters: SFLASH (spoiled FLASH) sequence with TR=22ms, TE=9.2ms, flip angle=30 deg and 1 mm isotropic voxel size. The volume contains 362×434×362 voxels covering the brain completely. The volume of brain structures (GM, WM and CSF) was estimated in MATLAB software in 1mm slice thickness and 1mm distance between test points.
In this step, we decreased slice sections and increased distance between test points. For three cases according to equation (1), case I: T=5, d=5, case II: T=10, d=10 and case III: T=20 and d=20, the volume of brain structures was estimated. For enhancing stereology method in this way, dilation method with a definite structure element was applied. Dilation method is a morphology method in image processing that adds pixels to the boundaries of objects in an image. The number of pixels added to the objects in an image depends on the size and shape of the structuring element used to process the image. Dilation method for gray-scale images is defined in terms of minima of pixel neighborhoods used for the calculation of gradient of the filtered image [21] . Determining the structure element is an important task in dilation operation. Ellipse was the best structure element for this study. The radius of ellipse was selected for case I 3.5 mm, for case II 6.5 mm and for case III 13.1 mm. The stereological method was compared with our proposed method.
Results
According to equation (1) In Table 2 
Discussion
Although automated methods are fast for volume estimation, Stereology method with enough slice thickness can be used as a gold standard for measuring brain volume [15] . So, enhancement of this method can help investigators for volume estimation. Differences between brain volume of MRI using Stereology method and physical cut of post-mortem brain were not significant [12] . Thinner slices of MRI make volume brain estimation more accurate. 5-mm slice thickness and less is preferable [16] . In this study, Stereology method, a method for volume estimation was investigated. This method is a desirable method and the measurement achieved is almost correct. This method needs relatively high resolution images and enough MRI slices for calculating the brain volume correctly. Applying dilation operator on this method, made this method enhanced. In this method, the volume estimation was calculated more precise for less MRI slices and less resolution. 
